INTRODUCTION
In spite of advances in antimicrobial therapy over the past few decades', pneumonia and other respiratory tract infections still remain an important cause of morbidity and mortality. Respiratory tract infections still portend a challenge to several physicians in their practices due to the dilemma of whether to prescribe antimicrobial agents or otherwise for patients who present with features of chronic bronchitis, pharyngitis, chronic obstructive pulmonary disease and other respiratory tract infections. [1, 2] It is essential that sputum microbial analysis be performed appropriately in order not to generate misleading reports for the physician who may inadvertently treat the patient inappropriately. The improper analysis of sputum samples may end up ultimately breed antimicrobial resistance as commensals and oral flora may end up being reported as pathogens.
In certain instances, sputum samples sent to the microbiology laboratory for processing are salivary in origin and ultimately give poor correlation between reports and clinical status of the patient. It also wastes scarce health resources and the laboratories time. In addition, contamination by upper airway resident flora is another limiting challenge in the interpretation of sputum cultures.
Studies performed in the past on respiratory tract infections have had a tendency to focus on pathogens such as Streptococcus pneumoniae, Hemophilusinfuenzae, Staphylococcus aureus and viruses such as Influenza, Adenovirus and Respiratory Syncytial Virus, however new and emerging pathogens are being frequently implicated in infections. [3] Respiratory tract infections are prevalent globally including developing countries such as in Nigeria where incidences increase in the wet rainy seasons. A vast majority of consultations in Clinicians practice relate to symptoms of respiratory tract infections which may be mild or severe.
This study sought to identify the pathogens that are prevalent in our local environment with a view to guide empirical antimicrobial treatment pending the outcome of culture and susceptibility results. This is imperative as several prescriptions are made on the basis of an educated guess by the clinician. This trend if left unchecked may promote the acquisition of multiply resistant pathogens due to a high selection pressure.
No such study has been conducted in our nascent institution and the findings from our analysis will help to establish a baseline for susceptibility and resistance trends for future studies as well as for surveillance purposes.
This study analysed the sputum samples submitted in the medical microbiology laboratory with the view to identify the prevalent pathogens responsible for respiratory tract infections. The study will therefore identify the patterns of the prevalent isolates in order to guide empirical therapy and to serve as a baseline data of the prevalent microbial agents in our sputum samples.
METHODOLOGY Study design and location
This is a retrospective analysis of sputum samples sent to the Babcock University Teaching Hospital Laboratory over a period of 12 months. The hospital is a 140-bed capacity facility that serves a 7000 campus population and the surrounding community.
Sample size
The average isolation rate of bacteria from sputum is approximately 15% [4] Using the prevalence figure in calculating the sample size: N = Z 2 Pq/d 2 where Z = Critical value at 95% confidence level set at 1.96 d = is the precision set at 5% P is the proportion of the population that have positive yield from blood culture. P is set at 15% Sample size = 1.96x1.96x0.15x0.85/0.05x0.05 = 195.9. The sample size for the study was therefore set at 200.
Study population
These were sputum samples from patients aged 4-92 years, who were divided into inpatients and outpatients receiving care for both upper and lower respiratory tract infections.
Inclusion Criteria
Only mucoid, mucosalivary or mucopurulent sputa from patients were recruited for the study.
Exclusion Criteria
Patients with frankly salivary specimens were excluded from the study Table 1 shows that the mean age of patients was 36.2+/-18.2 years, ranging from 4 -92 year, with a male to female ratio of 0.7:1. Most patients, n =139 (90.3%) were below the age of 65. There were more outpatients than inpatients in the study n =91 (59.1%) versus n = 63 (40.9%). The AFB positivity rate was found to be 20.6% (15.4% versus 74.6%). ESBL's were detected in 7 of the 41 Klebsiella pneumonia isolates. The vast majority of respondents produced mucopurulent sputa for analysis, n = 90 (58.4%) as against 64 (41.6%) mucosalivary specimens. Hypertension was noted in 2 (1.3%) of participants and Diabetes mellitus in 6 (3.9%). Table 3 shows statistical significance of age in association with organisms using linear regression. It was noted that there was a higher likelihood of Streptococcus pneumoniae infections with decreasing age p value 0.00 Coefficient = -9.05, Standard error = 2.98, F test = 9.25. Figure 1 shows the organisms isolated from sputum specimens. The predominant organism isolated from the sputum of patients at our laboratory was Streptococcus pneumonia n = 69 (44.5%). This was followed by Klebsiella pneumoniae n = 41 (26.5%), Pseudomonas aeruginosa n = 15 (9.7%), Streptococcus pyogenes n = 11 (7.1%) and Staphylococcus aureus n = 10 (6.5%). Others were Escherichia coli n =4 (2.6%), Viridans streptococci n = 2 (1,3%). Candida spp, Proteus spp and Serratia marsescens accounted for 1 isolate each (0.6%).
Recovery of organisms

RESULTS
DISCUSSION
The macroscopic and microscopic examinations as well as the culture of expectorated sputum till date remain the mainstay of the laboratory evaluation of chest infections such as pneumonia and other respiratory tract infections such as chronic bronchitis, despite on-going controversy concerning their sensitivity and specificity by different experts in the field of infectious pulmonology.
Shobowale et al.: Prevalent pathogens in sputum samples in a semi-urban tertiary hospital Macroscopic examination of sputum is used visually to determine suitability or otherwise of such specimens for analysis. Salivary specimens are essentially regarded inappropriate and have little or no diagnostic yield except when it is induced sputum in patients who cannot expectorate on their own. Muco-purulent sputum on the other hand is most commonly associated with bacterial pneumonia or bronchitis and is known to produce a higher diagnostic yield, ditto for rusty sputum linked to pneumococcal pneumonia. [5] Sputum samples that were obviously salivary in nature should be rejected as they offer little or no diagnostic value. Exceptions to this rule however include samples obtained by induction with hypertonic saline as these tend to be salivary in appearance. The higher rates of mucopurulent sputum submitted for processing in our centre is responsible for the higher rate of isolation of pathogens and not commensals. Reporting oral flora as pathogens can be misleading to physicians and as such the production of good quality specimen for analysis is paramount.
Mucopurulent sputum is a pointer to inflammation in the respiratory tract and the presence of mucus plugs further lends credence to the higher possibility of recovering a pathogen. The presence of blood in sputum samples also acts a marker of higher diagnostic yield.
In a study on the correlation between sputum colour and the likelihood of isolating a pathogen, researchers in Barcelona associated greenish/yellowish sputum as a strong predictor of recovering potentially pathogenic bacteria. [6] In addition the odour of sputum has also been applied as a marker of possible infectivity such as is seen with foul smelling sputum in mixed anaerobic infections, bronchiectasis and aspiration pneumonia. [7] Conversely another cross sectional survey of sputum macroscopic analysis from 241 patients in 42 General practitioner practices, 12% of obviously purulent sputa were linked to a positive culture. The authors concluded that the sputum colour of patients with chronic lung diseases has no bearing on therapeutic outcomes. [8] Shobowale et al.: Prevalent pathogens in sputum samples in a semi-urban tertiary hospital
The gram stain of sputum has elicited differing opinions on its usefulness in the diagnosis of lower respiratory tract infections. Infectious disease specialists are of the opinion that it has role to play in diagnosis, whereas pulmonologists feel otherwise. [9] In the performance of sputum gram stains frankly purulent sputum should be selected where feasible. This will help to maximize the yield. Also as a guide, the Bartlett's criteria or twenty five neutrophils to ten epithelial cells should be followed before further processing of sputum as this will help to eliminate unsuitable samples. Following this procedure by clinical laboratories will help to conserve resources that would have been otherwise utilized in the isolation of commensals and normal flora. [10] The morphology of bacteria observed on the gram stain also aids in the management of respiratory tract infections such as when gram positive lancet shaped diplococcic are found, indicating infection with Streptococcus pneumoniae. Small gram negative cocco bacillary organisms point towards Hemophilus influenzae while gram positive cocci in clusters imply infection with Staphylococcus aureus. [11, 12] Fukuyama and his colleagues in a prospective observational study on the usefulness of sputum in predicting pneumonia demonstrated that the sensitivity and specificity of the gram stain as a tool for Streptococcus pneumoniae was 62.5% and 91.5% respectively. [13] Paradoxically the diagnostic yield increased for those who had received antibiotics previously and with aspiration pneumonia. They concluded that the sputum gram stain is highly specific for making an aetiology based diagnosis and treatment of both community and hospital acquired pneumonia. [13] The findings from our study did not elicit any Hemophilus infuenzae and this might be due to mass vaccination with the type B conjugate vaccine in recent times thereby reducing its prevalence in the general population.
Early morning sputum samples are preferable because they contain pooled overnight secretions which have a higher concentration of pathogens. Such samples should be collected with sterile universal containers after the patient has been instructed to press the rim of the container firmly under the lower lip in order to catch the entire expectorated cough sample. [11] Media commonly used in the laboratory for the recovery of respiratory pathogens include; blood agar incubated in 5% CO 2 Streptococcus pneumomiae accounts for the most frequently isolated pathogen in our facility and this is also in line with data and results from other centres. This gram positive lancet shaped diplococcic is the major cause of community acquired pneumonia and is harboured in the upper respiratory tract of 5-10% of healthy adults, the most severe of infections however occur in children younger than 3 years of age and in adults older than 65 years. Our data show that this pathogen still maintains the lead role as a cause of respiratory tract infections as observed by other authors. [12] In infected patients, Streptococcus pneumoniae gains access to the alveolar spaces by aspiration or inhalation and may cause a lobar pneumonia with consolidation and bacteraemia. This is due to the organism possessing a polysaccharide capsule that prevents efficient phagocytosis by polymorpho-nuclear leucocytes. There are at least 90 capsular serotypes of Streptococcus pneumoniae, though 23 of these account for 88% of infections. A major concern surrounding Streptococcus pneumoniae is the emergence of resistance to antimicrobial agents particularly Penicillin. [14, 15] The persistently high rates of isolation still being reported might be due to ineffective vaccination of the populace particularly those at risk of infection. This in light of the fact that studies show that sputum still retains a high value in the diagnosis of Pneumonia and other respiratory tract infections using sputum samples. [16] The reasons sputum cultures have been described as having varying degrees of sensitivity and specificity might be as a result of delays in processing which inadvertently will lead to commensals overgrowing in those samples. In addition patients not being instructed properly on coughing deeply to produce appropriate samples for analysis might also produce misleading results. Administering antimicrobials prior to sputum Shobowale et al.: Prevalent pathogens in sputum samples in a semi-urban tertiary hospital collection could also lead to negative results from the processing laboratory. [16] Age less than 65 was a significant risk factor for acquisition of Streptococcus pneumonia in our patients and this profile might represent inadequate vaccine coverage in younger generations. The role of Streptococcus pyogenes in the aetio-pathogenesis of upper respiratory tract infections is well defined, though it is doubtful in lower respiratory tract variants. Its isolation in our patients might represent contact with the pharynx by sputum during specimen collection. According to Marie et al., the lower respiratory tract is an uncommon site for group A Streptococcal infections, however it may be seen in severely ill patients with an associated bacteraemia and multi-organ failure. [17] Pulmonary infections due to the gram positive cocci (Staphylococcus aureus) may arise as a result of aspiration or haematogenous spread which may be in the community or healthcare setting particularly in the elderly or following influenza pneumonia where they may cause necrotizing pneumonia. It has also been associated with fulminant pneumonia in children where the mortality rate tends to be high. In addition it is linked to late onset Ventilator associated pneumonia. [18] It featured prominently as the third most common gram positive isolate in our facility, however our isolation rates of Methicillin Resistant Staphylococcus aureus is low as it was found in only 10%. This low MRSA isolation rate might not be unconnected to the non-use of more restricted classes of antibiotics in our semi-urban population. Nevertheless despite the low isolation rates of MRSA anti-MRSA antibiotics should be high on the list of suspected pathogens even in patients with non-nosocomial pneumonia as they are encountered in clinical practice.
Enterobaceriaceae (particularly Klebsiella pneumonia) have frequently been cultured from respiratory secretions of alcoholics, diabetics, hospitalized patients and the homeless. It causes pneumonia that tends to be destructive and necrotizing. Sputum produced in suchstances tends to be thick, mucoid and brick red, classically described as currant jelly sputum. [19] From our findings, 7 out of 41 Klebsiella pneumonia isolated were ESBL producing and this implies that screening for ESBL's in gram negative isolates needs to become routine in our laboratories in order to avoid treatment failure.
In a review by Marie et al., in describing the features of Escherichia coli on pneumonia, they determined that such patients were likely to be older, present with aspiration pneumonia and confusion, be inpatients (nursing home) and be severely ill. [20] One of our four Escherichia coli isolates was recovered from a patient with aspiration pneumonia in keeping with the findings of the above mentioned author.
Other lactose fermenters such as Proteus spp and Serratia marcescens have a welldocumented role in hospital acquired infections that tend to run a prolonged fulminant course that are difficult to eradicate. Clinicians need to have a high index of suspicion in chest infections that arise in hospitalized patients as they may harbour such pathogens.
Pseudomonas aeruginosa is one of the most important and fatal causes of hospital and ventilator associated pneumonia. Patients who are immunosuppressed, intubated, have tracheostomies or on prolonged courses of broad spectrum antibiotics are at risk. According to data from the US Centre for Disease Control and Prevention and the National Nosocomial Infection Surveillance Systems it is the second most common aetiology of nosocomial pneumonia being responsible for 17% of infections in the respiratory tract.
[21] Its isolation in our facility as a major cause of gram Negative respiratory tract infection must prompt the initiation of appropriate infection control precautions in order to reduce mortality. Its isolation from sputum samples might be much more frequent than is reported in clinical practice. Murphy and his colleagues reported that Pseudomonas aeruginosa has been recovered in 4-15% of patients with Chronic Obstructive Pulmonary Disease. However controversy exists as to whether it is a true pathogen or colonizer in such instances. [22] This study showed a significant difference in bacterial infections with respect to age, as the risk of Streptococcus pneumoniae infection increased with decreased age. Our findings might be due to higher rates of smoking, alcoholism and out-door exposure to pollutants in this age group. Conversely in a study of the microbiology of lower respiratory tract pathogens in Benin City Nigeria, Egbe et al. recorded an increase in prevalence with age which is however opposed to our findings. [23] A diminishing immunity due to advancing age as well as other co-morbidities are probable reasons for this. [23] In addition, Millet analysing sputa of older adults in the United Kingdom also recorded an increase in prevalence of lower respiratory tract infections with increase in age. [24] As a result of this discrepancy further studies need to be conducted to determine the basis of this reverse trend in our study. Another study design similar to ours by Okesola in the University College Hospital Ibadan demonstrated that the major single pathogens causing lower respiratory tract infections were Klebsiella species (38%), Pseudomonas aeruginosa (16.7%), Haemophilus influenzae (14.7%) and Streptococcus pneumoniae (14%).
[25]
Our data shows that respiratory tract infections caused by bacteria were more prevalent in females 93 (56.4%) than in males 72 (43.6%), however other series report higher prevalence in males than in females. This according to some authors is due to decreased non-specific immunity in the respiratory tract due to smoking, use of tobacco and alcohol consumption.
[26, 27, 28, 29] 
CONCLUSION
Streptococcus pneumoniae was the most prevalent pathogen both among in-patients and outpatients, this was followed by Klebsiella pneumoniae as a frequent cause of inpatient respiratory tract infections. The findings of this study have provided a baseline of prevalent pathogens will help in redesigning empiric therapy for clinicians with respect to respiratory tract infections.
RECOMMENDATIONS
It is recommended that clinicians have a high index of suspicion for Streptococcus pneumoniae and Klebsiella pneumoniae for outpatient and inpatient respiratory tract infections in order to optimize antimicrobials therapy.
